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1. Introduction 
Phosphatidylethanolamine and phosphatidyl- 
choline are the two major phosptiolipid components 
of membranes from rat hepatocytes [1]. Phosphatidyl- 
choline can be synthesized either by transcholination 
[2] or by transmethytation [3]. The transmethylation 
pathway involves the addition of 3 methyl groups to 
the polar head of phosphatidylethanolamine, the 
methyl donor being S-adenosyl-L-methionine. Two
intermediates are formed during the synthesis of 
phosphatidylcholine by transmethylation: N-methyl. 
phosphatidylethanolamine and N,N-dimethyl-phos- 
phatidylethanolamine [4].In rat liver, phospholipid 
methyltransferase ctivity is associated with the 
microsomal fraction [5,6]. Although rat liver is one 
of the tissues were the specific activity of phospho- 
lipid methyltransferase is relatively high, the contri- 
bution of this pathway to the total synthesis of phos- 
phatidylcholine is also minor (20-40%) in this tissue 
[7]. However, the finding that many signals acting 
on the cell surface, including hormones [8,9], immuno- 
globulins [10], attractants [ 11-13 ], and phagocytiz- 
able particles [ 14], modulate phospholipid methyla- 
tion, suggest an important function for this process 
during signal transduction. We have shown that treat- 
ment of isolated hepatocytes with glucagon produces 
a time and dose-dependent ac ivation of phospholipid 
methyltransferase, through amechanism which seems 
to be dependent on cyclic AMP [9,15]. Rat hepato- 
cytes possess at least 3 hormone receptors, a-adrenergic, 
vasopressin and angiotensin, in whose actions Ca 2÷ 
and not cyclic AMP, is involved [16-18]. This paper 
shows an activation of phospholipid methyltransferase 
by vasopressin and angiotensin isolated rat hepato- 
cytes which is dependent on Ca 2÷. Furthermore, the 
ionophore A23187 mimics the effect of these hor- 
mones. 
2. Methods 
Hepatocytes were isolated from normally fed 
Wistar rats (250-3 00 g) as in [9]. Isolated hepatocytes 
were incubated in the presence of 2.5 mM CaC12 or, 
for the experiments under Ca2+-depletion conditions, 
washed once and incubated in the presence of 1 mM 
EGTA. A 1.5 ml portion of this cell suspension, 
~15 mg protein [19], was shaken (120 strokes/rain) 
in stoppered 20 ml vials at 37°C in the presence of 
10 mM glucose. The gas phase was 95% 02: 5% CO2. 
Ceils were stimulated after 30 min pre-incubation. 
Vasopressin and angiotensin were dissolved in saline 
containing 0.1% dialyzed bovine serum albumin. 
Ionophore A23187 was dissolved in dimethylsutfoxide 
(DMSO). At the indicated time the hepatocytes were 
poured into pre-cooled centrifuge tubes and imme- 
diately centrifuged at 1000 X g for 20 s. The pellet 
was immediately frozen in a dry-ice-acetone bath. 
Phospholipid methyltransferase ctivity was assayed 
as in [9] except hat sucrose and MgC12 were omitted 
from the incubation media. Angiotensin II and vaso- 
pressin were obtained from Ciba and Sigma, respec- 
tively. A23187 was from Lilly and S-[methyl-aH] - 
adenosyl-L-methiortine (15 Ci/mmol) from Amersham. 
Other reagents were of analytical grade. 
3. Results and discussion 
Treatment of isolated rat hepatocytes with vaso- 
pressin (10 -7 M) or angiotensin (7 X 10 '8 M) stim- 
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Table 1 
Effect on phospholipid methyltransferase ctivity of vasopressin, angiotensin 
and A23187 addition to isolated rat hepatocytes 
Additions Conc. % Activity 
2.5 mM CaCI~ 1 mM EGTA 
None 100 104 ± 5 
Vasopressin 10 -7 M 198 ± 18 I10 +- 6 
Angiotensin 7 X 10 -8 M 178 -+ 13 100 ± 3 
A23187 1.6 X 10 -6 M 150 ± 7 - 
DMSO 3.3% (v/v) 80 +- 7 - 
Aliquots of hepatocytes for enzyme assay were taken 5 rain after stimulation with 
the different additives. 100% activity corresponds to 84 ± 3 pmot methyl-3H 
group, rain -1 , mg protein -~. Results are means ± SEM from 2 expt in triplicate 
ulated ,-~2-fold the incorporat ion of  methyt-3H groups 
into phospholipids (table 1). The magnitude of  activa- 
tion was similar to that reported for glucagon [9]. 
When Ca 2+ were removed from the incubation media, 
by tile addit ion o f  1 mM EGTA none of  the hor- 
mones had a significant effect on phospholipid meth- 
ylation. The addit ion of  the Ca 2÷ ionophore A23187 
(1.6 × 10 -6 M) also enhanced phospholipid methyla- 
t ion. Tile ionophore solvent, DMSO, decreased phos- 
pholipid methylat ion ~20%. Therefore, the activation 
by A23187 can be stimulated ~2-fold.  The activation 
of  phospholipid methylat ion by vasopressin and 
angiotensin was time dependent (f ig.l).  In both cases 
maximal activation was observed 5 rain after the 
addit ion of  the hormone.  This pattern was similar to 
that reported for glucagon [9]. Basal phospholipid 
methyltransferase activity was --~3-4-fold higher than 
that in [9]. This could be due to the use of  a new col- 
ony o f  rats in these experiments. The dose-dependent 
activation of  phospholipid methytat ion by vasopressin 
and angiotensin is shown in fig,2. Levels >10 -7 M 
were not used. The concentrat ion of  both hormones 
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Fig.1. Time course of the effect of vasopressin and angiotensin on phospholipid methyltransferase ctivity in isolated rat hepato- 
cytes: (e) control hepatocytes; (o) hormone (10 -~ M vasopressin and 7 × 10 -8 M angiotensin) treated cells. At zero time the hor- 
mone was added, Values are means ± SEM from 2 expt in triplicate, 
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Fig.2. Effect of various concentrations of vasopressin and angiotensin on phospholipid methyltransferase ctivity of isolated rat 
hepatocytes. Aliquots ofhepatocytes forenzyme assay were taken 5 min after addition of the hormone. 100% activity corresponds 
to 84 pmol methyl-3H group, min -1 . mg protein -1. Values are means +- SEM from 2 expt in triplicate. 
necessary to see a significant effect on phospholipid 
methylation is higher than what has been shown to 
be effective in the control of  the glycolytic-gluco- 
neogenic flux in liver [ 18,20]. However, similar doses 
have been reported to activate phosphatidylinositol 
turnover [21,22]. 
In conclusion, these studies how a dose- and time- 
dependent activation of phospholipid methylation by 
vasopressin and angiotensin isolated rat hepatocytes. 
Under conditions of Ca 2+ deprivation (EGTA incuba- 
tion of hepatocytes) phospholipid methyltransferase 
was not stimulated by vasopressin or angiotensin. 
These results suggest that the activation of phospho- 
lipid methylation is secondary to an increase in the 
intracellular Ca 2+ concentration. In support of this 
hypothesis are the results with the Ca 2÷ ionophore 
A23187 which mimics the effect of these hormones. 
A23187 induces efflux of Ca 2÷ from an exchangable 
pool in isolated rat hepatocytes [23]. It seems there- 
fore, that in rat hepatocytes cyclic AMP [9] and Ca 2÷ 
modulate phospholipid methylation. We have shown 
the activation of phospholipid methylation by Mg z+- 
ATP + cyclic AMP in isolated rat liver microsomes 
[15], and some suggest that a cyclic AMP-stimulated 
protein kinase could be involved in the mechanism of 
activation of phospholipid methylation. It is there  
fore important to determine if a Ca2÷-stimulated pro- 
tein kinase would mediate the activation of phospho- 
lipid methylation by vasopressin and angiotensin. It
is interesting to notice that calmodulin modulates 
phospholipid methylation i Dictyostelium discoideum 
[23] and that Ca 2+ fluxes have been reported in many 
of the processes where phospholipid methylation 
seems to play a role. 
Acknowledgements 
We thank Juan Emilio Feliu for many helpful 
discussions, Estrella Martin Crespo for technical assis- 
tance and Eusebio Calvo for the illustrations. S. A. is 
supported by a grant from the Caja de Ahorros y 
Monte de Piedad de Madrid. This work was supported 
by grants from Insalud and Fondo Nacional para el 
Desarrollo de la Investigaci6n. 
References 
[ 1 ] Verkleij, A. J., Zwaal, R. F. A., Roelfsen, B., Comfunius, 
P., Kastelijn, D. and Van Deenen, L. M. (1973) Biochim. 
Biophys. Acta 323,178-193. 
[2] Kennedy, E. P. and Weiss, S. B. (1956) J. Biol. Chem. 
222, 193-214. 
[3] Bremer, J., Figard, P. H. and Greenberg, D. M. (1960) 
Biochim. Biophys. Acta 43,477-488. 
[4] Hirata, F. and Axelrod, J. (1978) Proc. Natl. Acad. Sci. 
USA 75, 2348-2352. 
113 
Volume 135, number 1 FEBS LETTERS November 1981 
[5] Yeselma, C. L. and MorrO. D. J. (1978) J. Biol. Chem. 
253, 7960-7971. 
[6] Gibson, K. D., Wilson, J. D. and Udenfriend, S. (1961) 
J. Biol. Chem. 236,673 679. 
[7] Sundler, R. and Akesson, B. (1975) J. Biol. Chem. 250, 
3359-3367. 
[8] Hirata, F., Stittmatter, W. J. and Axelrod, J. (1979) 
Proc. Natl. Acad. Sci. USA 76, 2640-2643. 
[9] Castaflo, J. C., Alemany, S., Nieto, A. and Mato, J. M. 
(1980) J. Biol. Chem. 255, 9041-9043. 
[10] Ishizaka, K., Hirata, F., Ishizaka, T. and Axelrod, J. 
(1979) Proc. Natl. Acad. Sci. USA 76, 5858-5862. 
[ 11 ] Hirata, F., Corcoran, B., Venkatasubramanian, K., 
Schiffman, E. and Axelrod, J. (1979) Proc. Natl. Acad. 
Sci. USA 76, 2640-2643. 
[12] Pike, M. C., Kredich, N. M. and Snyderman, R. (1979) 
Proc. Natl. Acad. Sci. USA 76, 2922 2926. 
[13] Alemany, S., Garcia Gil, M. and Mato, J. M. (1980) 
Proc. Natl. Acad. Sci. USA 77, 6996 6999. 
[14] Carcla Gil, M., Alonso, F., S~nchez Crespo, M. and 
Mato, J. M. (1981) Biochem. Biophys. Res. Commun. 
101,740 748. 
[15] Castaflo, J. G., Alemany, S., Nieto, A. and Mato, J. M. 
(1981) Fed. Proc. FASEB 40, 1853. 
[16] Fain, J. N. (1978) in: Receptors and Recognition 
(Cuatrecasas, P. and Greaves, M. F. eds) vol. 6A, pp. 
1-62, Chapman and Hall, London. 
[17] Kirk, C. J. and Hems, D. A. (1974) FEBS Lett. 47, 
128 131. 
[18] Keppens, S. and DeWulf, H. (1976) FEBS Lett. 68, 
279-282. 
[19] Lowry, O. H., Rosenbrough, N. J., Farr, A. L. and 
Randall, R. J. (1951) J. Biol. Chem. 193 265 275. 
[20] Keppens, S. and DeWulf, H. (1975) FEBS Lett. 51, 
29-32. 
[21] Billah, M. M. and Michell, R. H. (1979) Biochem. J. 
182,661-682. 
[22] Tolbert, M. E. M., White, A. C., Aspry, K., Cutts, J. 
and Fain, J. N. (1980) J. Biol. Chem. 255, 1938 1944. 
[23] Chen, J. L. J., Babcock, D. F. and Lardy, H. A. (1978) 
Proc. Natl. Acad. Sci. USA 75, 2234-2238. 
[24] Garc~a Gil, M., Alemany, S., Mar;n Cao, D., Casta~Io, 
J. G. and Mato, J. M. (1980) Biochem. Biophys. Res. 
Commun. 94, 1325-1330. 
114 
